INTRODUCTION
Agricultural researchers identify and apply new science, novel approaches and innovations that could generate research breakthroughs and improve impacts to support the development of the agricultural sector. During the past few decades, there has been an expansion of the research agenda along the entire research-fordevelopment continuum, with farm-and policy-level implications. The goals and objectives of research have broadened from primarily food production to include sustainable resource management, equity, gender, health, and environmental concerns. These changes have been in response to factors such as the changing regional and global environments, new science and innovations, the redefinition of research targets in the light of new findings, potential market opportunities, institutional learning, and the strengthened capacity of research. Along with the expansion of the research agenda, there is now greater appreciation of the need for quantifying the economic returns to research investment, and other dimensions of impact (social, environmental, and institutional) . In accordance with these changes, priority setting in agricultural research has been rapidly changing too with the principal focus shifting from yield and nutrition gains to achieving impact on likely distributive effects and the environmental sustainability of alternative research strategies. New challenges have emerged in research management. If there is to be efficient use of scarce resources, particularly in the public sector, research priority decisions have to be consistent not only with informed scientific opinion or scientific possibilities but also with clients' needs and national and international concerns within the broader policy context. In promoting policies that improve the welfare of the people, especially in developing countries, the ability to set priorities and support correct decisions in agricultural research is critical.
Faced with these challenges, the pursuit of a well-balanced portfolio or a focused research agenda has become imperative. It motivates stronger accountability and objective, transparent priority setting. It prompts awareness among agricultural scientists and research managers about the expected benefits and payoffs from research. Increasingly, researchers and managers are compelled to provide solid evidence that they are using resources efficiently and effectively. Thus, the establishment of a transparent, consistent, objective, and participatory priority-setting process has become essential in institutional decision support and research planning.
This chapter presents important dimensions of agricultural research management, featuring the considerations that go into determining priorities. The first section discusses trends that shape the agendas of agricultural research organizations. A conceptual framework for priority setting in agricultural research is presented in the second section, embodying factors influencing impacts, their linkages, and minimum data requirements.
Another section gives an overview of priority-setting methods, ranging from simple statistical congruencies to economic models where both objective and subjective information are considered. Critical considerations in research evaluation and priority setting are addressed with focus on the difficulties encountered in practice.
Subsequent sections use the experiences of international agricultural research centers to illustrate the commonality of priority-setting requirements and processes. The international dimension of the discussion clarifies the role of international public goods and research spillover benefits across regions, as well as the relationship between regional and global priorities. The last section concludes with suggestions on institutionalization based on institutional learning and targeting for an informed approach to research decision-making.
RESEARCH PRIORITIES AS PART OF RESEARCH DECISION SUPPORT SYSTEMS
Agricultural research priority setting is a process involving analysis prior to investment, whereby estimation and ranking of expected future benefits assist research decision-making. Benefits from research investment in agriculture are expected to be realized when research is undertaken and the target users adopt the technology or the research results. The estimated relative benefit levels are compared across alternative options in a research portfolio. There are several levels of aggregation on which research options have to be ranked in order of priority:
• Agroecologies, regions, or countries • Commodities, crops, or enterprise sector • Research programs or themes • Research projects within programs
• Research problems or productivity constraints • Research needs/gaps
Depending on the level of aggregation required by the research organization, priority setting compares the relative importance of research at each level. It involves a process of explicitly or implicitly exercising a choice over possible research activities with the help of an array of available quantitative and qualitative information. The resulting judgments are expressed as a ranking of options within a research portfolio. Most agricultural research institutions conduct formal or informal priority-setting exercises to help set the research agenda, guide allocation of research resources, and improve the quality and efficiency of research. In national agricultural research systems (NARS), the priorities conform to national-level goals and objectives and are examined across commodities, regions, disciplines, and research problems. At the international level, spillover benefits across countries and regions, and the complementarities of national, regional, and international research objectives are additional concerns. The outcome of the priority-setting exercise is a ranking of commodity groups or agroecoregional zones at aggregate level; or research programs at institute level; or research themes within a program; or productivity constraints within a commodity project.
The benefits of systematic formal priority setting have been reiterated by Janssen (1995), Contant and Bottomley (1988), and Braunschweig (2000) as follows:
• Research objectives are better identified, and differences of opinion are clarified, thereby facilitating consensus building; team building and communication within the institution are improved.
• The chances of successful adoption of a new technology increase because stakeholders are included in the decision-making process.
• Useful information is generated regarding the changes that are necessary in the research environment; better information is used for educating the public about sensitive decisions, and managers are in a better position to defend their decisions, particularly against donors with a conflicting agenda. • More emphasis is placed on longer-term impacts; informal priority-setting exercises often focus on short-term effects.
• Negative consequences are identified and corrective measures taken early to compensate for potential losses.
ESSENTIAL CONSIDERATIONS IN RESEARCH PRIORITY SETTING
While demands on the agricultural research agenda continue to increase, the last 15 years have seen changes in the funding environment, particularly a growing scarcity of research resources especially in developing countries. Inadequate funding of public agricultural research institutes is the most serious challenge facing NARS. For example, investment in agricultural research in developing countries decelerated to 3.8% annually from 1981 to 1991 compared to a growth rate of 6.4% annually in the previous decade (Alston et al., 1995) . Changing support from traditional funding sources has also affected international agricultural research centers. In fact, while the expenditure of the Consultative Group on International Agricultural Research (CGIAR) has continued to increase in nominal terms since its establishment in 1972, in real terms it has stagnated, especially in the last 15 years. The rate of growth of the CGIAR's research expenditure has continuously declined during the last two decades. Estimates based on CGIAR Annual Reports (1975 indicate that revenue and expenditure had begun to stagnate even before the 1990s, growing at an annual compound growth rate of 8% from 1975 to 1990, compared with a growth rate of 1.35% from 1990 to 2005. The nature of funding has also changed during the last decade. In particular, the proportion of unrestricted funding has continuously declined since the late 1980s while restricted funding has been increasing.
Research evaluation and expected impact pathway -framework for research priority assessment
An understanding of the whole research process is essential to facilitate agricultural research evaluation and priority setting. In principle, research evaluation is undertaken to confirm research effectiveness, efficiency, relevance, and impact. Priority setting is the process of ranking different research alternatives in order to identify a research portfolio in line with the mission of the organization or the agricultural policy of the country. Priority setting includes determining the relative importance of several research objectives.
This section illustrates the process of research evaluation and priority setting by tracing expected impact pathways (Bantilan, 2000; Joshi and Bantilan, 2000) . The conceptualization of a framework (Figs. 1, 2, and 3) to guide the research evaluation and priority-setting process starts with the consideration of research investments to fund a set of specific research projects designed to develop new technologies for use by farmers ( Fig. 1 on basic parameters for priority setting). This framework identifies the essential factors for priority setting.
If a research project does successfully achieve its objectives, it usually generates outputs in the form of (1) some new knowledge and (2) a change in the technology for use by farmers. To be more specific, the application of science-based technologies resulting from research is expected to bring about increases in yield and product quality of commodities/crops grown presently or subsequently. Research is also expected to improve the efficiency of input use via agronomic practices and crop management. Ultimately, these researchinduced gains or changes in the production and consumption environment translate into an upgrading of the welfare of farmers who use the technology as well as of consumers who use the final products.
Before the final benefits of research accrue to society (i.e. producers and consumers), two important conditions must be met. First, the research undertaken must be successful in achieving its targeted objectives. This introduces the notion of the probability of success or relative research capability relating to the risk of an intended technological improvement not eventuating even after a significant period of experimentation or investigation. Thus, this framework enables judgments about the relative strength of research (capacity building) and extension systems (human resources) and rural infrastructure to be factored into the analysis. It also provides space for the consideration of other sources of uncertainty with regard to research success. Second, the increase in production promised by a new technology is ultimately achieved only when the technology is adopted and utilized by farmers. If the technology is not an improvement in some way over the existing technologies, farmers are unlikely to use it. In such an instance, the technology, although developed, is redundant. Yet, even if the technology is an unambiguous improvement, some farmers may still not adopt it. Thus, estimates of the rate of adoption of the results by end users must be carefully made. There may be several reasons for low adoption or slow uptake. One could be the reluctance of farmers to give up their existing, and in their opinion, proven practices. In some cases, adoption of technology may also be influenced by resource endowments. This condition necessitates consideration of the rates of technology adoption and the factors by which it is constrained.
The measurement of expected welfare gains to society is incomplete if it does not take into account the externalities which the technology involves. The externality consideration in this framework may either be negative or positive. Classic examples of negative externalities in agriculture are human-induced soil erosion and the detrimental effects of chemical-based technology. These include the deleterious effects of pesticides on the health of farmers and their families, the transmission of chemical residues along the food chain to consumers, the toxic effects of chemicals on fish, shrimp, frogs, and beneficial insects in farmers' fields, the contamination of ground and surface waters, and the reduction of soil microorganism populations that help sustain soil fertility.
The positive externalities are incorporated within this framework through the concept of spillover effects (Bantilan and Davis, 1991; Bantilan et al., 2004) , as shown in Figure 2 which presents the linkages of the overall welfare gain parameters (efficiency, sustainability, spillovers and other factors). Three types of spillover effects are possible. The first type involves across-location spillovers in which a technology developed through research for one product in a specific location can be adapted to improve production efficiency for the same product in another location. This type of spillover effect is relevant because the applicability of the new technology may not be the same for all locations, which may be differentiated by agronomic, climatological, or ecological factors.
The second type of spillover effect refers to across-commodity applicability of a technology. For example, a cultural management technique developed specifically for one commodity may also improve the production efficiency of other commodities
The nature of the first two types of spillover effects reflects the direct applicability of a technology across different locations/production environments and across different commodities. Thus, they are referred to as direct spillover effects.
A third type of spillover effect is referred to as indirect or price spillover effects (Brennan and Bantilan, 2003) . Technological change relating to a particular commodity in a specific location brings forth increased supply, which may cause price changes. This is turn may have a price effect on other locations (if the commodities are traded) or on related commodities. This is particularly relevant when the price responsiveness of the product demand is relatively small and/or the rate of product transformation among commodities is significant. Following the basic parameters and linkages described above, a simple priority-setting procedure is outlined here to show the different phases of the exercise (Fig. 3): • Clarification of research goals including identification of research domains, objectives/strategy, and critical constraints to agricultural production • Identification of criteria for the priority-setting exercise (corresponding to research goals) • Disaggregation of alternative research options at each level • Elicitation of criteria weights through consultation with experts • Choice of priority-setting approach: quantitative and qualitative measures • Collection and processing of available data and resources: research gains, costs, probability of success, adoption levels, etc.
• Evaluation of potential impacts: assessment of expected research benefits based on the data collected and subjective judgments (e.g. environmental effects, impact on the poorer income groups, benefits for women) • Sensitivity analysis using scenarios for the feasible range of parameter estimates or alternative criteria weights The variables influencing the evaluation of potential research benefits or impacts may be based on measurable indicators as well as qualitative or subjective assessments. Quantitative or measurable indicators in agricultural research include estimated yield gains, unit cost reduction, research lags (i.e. timeframes for producing results), adoption lags, rates and ceiling level, and other direct and indirect effects on target and nontarget regions or sectors. Qualitative factors cover the probability of research success, effects on the environment or sustainability indicators. These measurements seek correspondence of the research goals and objectives, e.g. reduce poverty, improve food security, and promote sustainable natural resource management through agricultural research.
Other factors for consideration in enhancing the framework

Government policies
Existing government policies are an important factor, which can influence the welfare gains accruing from research. For example, governments of developed and developing countries alike have policies which subsidize production inputs like fertilizer, seeds, water, and electricity. In other cases, taxes are imposed on some agricultural commodities, especially cash crops like cotton, coffee, and tobacco. To estimate the gross social benefits of research when subsidies or tax policies exist, detailed knowledge of the policies is required. Alston et al. (1986) have shown the implications that various forms of price distortions can have for research evaluation. These policies influence the production and/or consumption of a commodity, or the inputs used to produce it. They can influence both the benefits flowing from research and the distribution of those benefits.
Expansion of demand and supply over time
Supply and demand of commodities can shift due to factors other than research. For example, population or income changes may result in a shift in demand for a commodity. Forecasts of demand and supply shifts can be made to avoid underestimation of benefits if expansion of demands or supplies is expected over time.
Equity or distributive effects
Welfare effects from research can significantly vary across research efforts, regions, and commodities. Prioritization of research options is likely to be influenced by the distribution of these effects. It needs to be clarified which of these effects are important. For example, if several sectors are parts of one country and if the total national welfare gain is the objective of the research institution, then a measure of the potential research impact can be had by adding all the gains (or losses) in all sectors. If, however, the objective is to maximize gains to poor farmers only, then the subset of welfare effects in this particular sector is considered to give a measure of how well a particular research option may satisfy this objective. Estimates of these welfare changes, if quantified, can be summarized in a form suitable to assist decision-makers in setting research priorities or making allocation decisions. This information is combined with other information before decision-makers make final judgments about allocations.
Other aspects
Other aspects for consideration in priority setting may include: (a) effect on nutrition; (b) food security; (c) human capital development; (d) institution building and strengthening of national programs; and (e) employment generation effects. It is clear that a spectrum of considerations has to be taken into account for an assessment of research priorities. It is equally clear that a detailed understanding of the components of the research-evaluation continuum is necessary to arrive at a combined quantitative and qualitative assessment of impact. The expected outcome of research or its impact is dependent not only on quantifiable variables but also on others that are difficult to quantify.
Multicriteria nature of priority-setting processes
Given the multicriteria nature of the processes described above, priority-setting methods have evolved to support the complex decisions that must be made by research institutions. The complexity of priority setting is largely due to the multiple criteria involved in research decisions. As discussed above, research objectives and priority-setting criteria may include • Productivity and efficiency • Poverty and equity • Gender concerns • Environmental sustainability • Trade-offs
Research managers must ensure the correspondence of research objectives with the set of criteria used for priority setting. In more complex decision-making, a multicriteria decision-making process may be structured to consider trade-offs among research objectives relating to economic, social, environmental, and institutional concerns. This includes trade-offs between productivity and efficiency objectives versus poverty or equity or gender concerns or sustainability creation.
A multicriteria priority-setting framework has important implications. It requires attaching weights to each objective. This is the responsibility of senior research managers and policymakers. Their participation has become increasingly critical in the decision-making process. Appropriate procedures are needed facilitating interaction among decision-makers and for eliciting their preferences.
Mainstreaming poverty considerations in priority setting
Mainstreaming poverty considerations is an important issue in priority setting in the light of recent developments in the global research agendas of international organizations, which have identified poverty eradication as a common goal (UN, 2002; CGIAR, 2005) . Mainstreaming poverty recognizes that there are at least five ways by which agricultural research can benefit the poor:
• Increasing poor farmers' productivity • Greater agricultural employment opportunities for small farmers and landless workers • Higher wages and growth in adopting regions • Lowering food prices; and • Greater access to nutritive crops.
This discussion refers to some points made by Ryan (2004) regarding additional considerations that need to be clarified in relation to poverty-targeted agricultural research priority setting. The first point is that it is not necessarily given that research investments targeted at the locations of the poor will achieve maximum impact on the resident poor. Many factors mediate this relationship and make it difficult to argue that priorities at the macro level should be primarily based upon the location of the poor. These factors include price effects, migration, and research spillovers in other regions. For example, where poor households in marginal areas are net food purchasers and the market infrastructure is adequate, technological change in more-favored areas can be an effective way of benefiting the poor in the marginal areas. Lower commodity prices result, and migration offers opportunities for low-income workers to participate in the benefits of higher wages and employment. However, as Fan and Hazell (2000) have shown, the marginal returns to research are higher in less-favored environments and also the effect of this on poverty alleviation is greater. Then it is not clear whether it is appropriate to neglect the less-favored areas and allow "trickle down" forces from more favored areas to equilibrate the benefits.
The second point for consideration is that the wage and employment effects of targeted research can be counterintuitive. In particular, if labor-intensive commodities have nonresponsive demands, then research on them could lead to mechanization or to their substitution in production by less labor-intensive commodities.
A third point raised is that growth linkages between agricultural and nearby rural industry can generate significant multiplier effects benefiting the poor most when agricultural income is a high proportion of total income. This has differential implications for targeted agricultural research in Asia and Africa. In Asia, there is increasing village-level evidence showing that a high percentage of rural workers are engaged primarily in nonagricultural employment. This is reflected in the inverse relationship between nonagricultural income and farm size, with smallholders, near-landless and landless workers deriving between one-third and two-thirds of their income from off-farm sources. Hence, they stand to benefit more from growth in the nonfarm sector than do the more affluent larger farmers. To the extent that nonfarm income is even more important for the poor in marginal areas, the issue arises whether agricultural R&D should give way to other interventions. In Africa the situation seems the opposite, with the rural poor depending more on agriculture than the nonpoor (Reardon, 1997) .
By analyzing a typology of agricultural regions based upon agroecological zones and socioeconomic factors that condition the size and distribution of benefits from technological change, Haddad and Hazell (2001) identified five broad areas of focus for a pro-poor research agenda:
• Increasing productivity in less-favored lands, especially in heavily populated areas but also in high-potential lands constrained by poor infrastructure and market access • Increasing production of staple food in areas where food price effects are still important and/or in areas that have a comparative advantage in growing these crops • Helping smallholder farms to diversity into higher-value products, especially in areas where market prospects are good • Increasing employment and income-earning opportunities for landless and near-landless workers in labor-surplus regions • Nutritional enhancement of diets by investing in agricultural technology that reduces the price of micronutrient-rich foods; increase in physical access in remote rural areas, or increase in the nutrient content of food staple crops via traditional or transgenic technologies
Choosing an appropriate method
Research-evaluation and priority-setting methods have evolved from simple techniques used in consideration of single research objectives to systematic and formal mechanisms for assessing priorities corresponding to multiple objectives. A lot of effort now goes into evaluating agricultural research, due in part to the increasing complexity of problems, and in part to the tight research budgets and the resulting pressure for greater accountability. A large and diverse array of criteria has been employed by national and international organizations supporting agricultural research. These include: efficiency, equity or income distribution, food insecurity, per capita income, export enhancement, import replacement, among others.
This section presents an overview of the approaches used in priority setting. It features the various procedures used to identify and select the criteria for prioritizing research options and to identify measurable indicators as well as elicit subjective judgments. It includes novel techniques of quantifying the benefits from alternative research investments in order to facilitate informed decision-making on the utilization of agricultural research resources. This section also discusses several factors which influence the choice of priority-setting methods. The advantages and disadvantages of the different methods are mentioned as well as their suitability in different situations. In many cases, analysts combine these methods. Ultimately, they complement the intuitive judgments of research managers and administrators and the scientific intuition of scientists and researchers.
Different types of approaches have been developed for establishing research priorities (Contant and Bottomley, 1988; Davis et al., 1987; Alston et al., 1995) : traditional tools (rules of thumb: precedence and congruence; checklist and scoring); cost-benefit analysis and economic surplus, mathematical programming and simulation models, among others.
Traditional tools
Rules of thumb
This approach is simple and quick, and needs minimal data. It is usually used as a preliminary approach ahead of a more formal priority-setting exercise. The two most commonly used methods in this approach are precedence and congruence. These methods emphasize the status quo and rely heavily on historical data. The precedence method uses the level of funding in the previous year as the basis for allocation of resources to project themes and projects. Allocations are marginally increased or decreased depending on the overall funding situation. Any excess resources available are distributed proportionately across research themes. This method can provide long-term continuity in funding of research themes and projects. However, one disadvantage of this model is that it continues allocating resources to areas that have reached the limits of their productivity even if the changing research environment may warrant a shift in funding. The precedence method is not forward-looking; it does not take into account emerging problems or any promising new areas of research or research investments that are likely to give the greatest impact.
Congruence models rank alternative research areas, commodities, or regions on the basis of a single criterion. The value of production is frequently used; and other measures include value of consumption, impact on total population and impact on poor people. The appropriate measure may be determined from the objectives and criteria of the research program. A review of studies, which used the congruence index in assessing research intensities and the relative importance of commodities, is provided in Scobie (1984) .
Checklist
The checklist consists of a list of relevant criteria against which the research alternatives are checked. Like the two traditional tools described above, a checklist is often used as a benchmark or starting point in establishing the relative importance of research options. In practice, it may be viewed as an initial ranking of commodities (or research themes, projects), providing research managers some basis for discussion and further analysis. In many cases, these methods are combined with more rigorous methods.
Scoring
Scoring or weighted criteria are used to rank alternative research options according to multiple criteria that reflect multiple research objectives, as follows:
• The research alternatives are scored according to each criterion by using a discrete scale.
• The research objectives are defined, and weights are assigned to each criterion by the decision-makers.
• The scores are then multiplied by each criterion weight and then added up to determine the order of priorities. Scoring models are widely used for priority setting because they are relatively transparent. When a meaningful conceptual framework is applied in scoring models, they can foster a dialogue considering research criteria and the weights associated with alternative research objectives. Useful scoring models should, at a minimum, incorporate basic economic principles into the priority-setting exercise. For example, economic efficiency measures such as net present value can be combined with equity criteria to rank research alternatives. A scoring model that is based on an economic approach incorporates the need to identify meaningful objectives, distinguish between weights and measures, recognize that research is a blunt instrument, and attempt to approximate economic efficiency measures (Alston et al., 1995) .
Cost-benefit analysis and economic surplus
Cost-benefit analysis
The cost-benefit method for priority setting is a formal economic model that uses efficiency as the main criterion for ranking alternative research themes. There are three main steps in applying this model. First, the potential for generation and adoption of technologies is estimated for alternative research themes. A prime requirement is to establish, for the target cropping systems, the actual gains to be expected from the improved technology over and above the existing productivity levels achieved by the existing technologies in use by farmers. In addition, the relative value of the improved technology may be estimated from the viewpoint of environmental protection and cropping system sustainability. These data provide a baseline against which to estimate the gains that can be expected from further improving the existing technology as a result of research or by direct application of known technologies.
Second, a stream of annual benefits and costs associated with each research theme is identified for the planning horizon. With discounting for factors such as probability of success, time lags, and ceiling rate of adoption, reasonable estimates can be made for the costs and benefits of a suggested research and/or development effort. Third, annual benefits and costs are discounted to calculate the project's worth. The latter is usually presented as a NPV or IRR. Technologies are ranked according to the values of NPV or IRR.
Cost-benefit methods indicate research priorities on the basis of efficiency criteria. This provides an insight into whether or not investment in research is making efficient use of scarce resources. This model can also be used to assess trade-offs in efficiency among research alternatives.
The narrow focus on efficiency is a disadvantage of this model as is its difficulty in capturing changes in the agricultural research environment. However, in priority-setting approaches based on multiple criteria, estimates from costbenefit models can be integrated with other criteria. Besides a consistent ranking of research alternatives on the basis of efficiency, the process involved in applying cost-benefit models can force decision-makers to explicitly state the assumptions underlying technology generation and adoption for various research alternatives as well as explore the different impact scenarios on the basis of different assumptions. The basic data required for benefit-cost models are quantity and prices, assessment of the potential for technology generation measured by net yield gain, and the profile of adoption. Significant investments need to be made in collecting and analyzing this data although several computer programs have eased computation of benefit-cost estimates.
An alternative type of cost-benefit measure uses the domestic resource cost ratio (DRC). DRC estimates a given country's comparative advantage in producing a certain good. It calculates the cost-benefit ratio using the concept of opportunity cost, which indicates the social profitability of producing a certain commodity. However, this approach has major shortcomings as a single measure to allocate resources, ie, decisions based solely on a favorable DRC ratio tend to be biased against research investment in commodities that at present do not have a comparative advantage, e.g. future potential niche markets. However, the DRC approach is a relatively easy method of calculating the social costs and benefits of producing different commodities, and can provide complementary information for setting research priorities.
Economic surplus
The economic surplus principle is based on the idea that improved technologies are expected to enhance productivity or reduce the producers' unit cost of production, which translates into a shift representing an increase in the producers' supply when they adopt the new technologies. The calculation of the supply shift involves the use of available or estimated on-farm input and output data (e.g. yield levels and input costs). Annual gains based on the empirical market benefits from adoption of the technologies are computed over the horizon at which the benefit is expected to accrue at anticipated adoption levels. This estimation only covers benefits accruing due to measurable market effects. The economic surplus model is an enhancement of the cost-benefit approach to priority setting. It also ranks research alternatives on the basis of economic efficiency. Economic surplus models consider price responses to productivity increases induced by investment in research and technical change. These models also distribute the benefits from research investment between producers and consumers in the form of producer surplus and consumer surplus, each of which can be stratified by income or other socioeconomic criteria.
Approaches employing the concept of economic surplus to examine research priorities have been used in both national and international research assessments. National research programs usually assess priorities from the perspective of maximizing benefits that would accrue to the whole nation or to specific groups within it. These decisions may not be influenced by the additional benefits that may accrue to other countries or regions outside their mandate. An extension of the economic surplus method for assessing these international research spillover benefits is discussed below.
Multiregional international trade model
A multiregional international trade model using the concept of economic surplus has been developed to enable intercountry or interregional effects to be explicitly incorporated into an ex ante analysis of aggregate commodity and regional priorities in agricultural research (Davis et al., 1987) . It employed techniques of economic surplus couched in an international trade model to derive ex ante measures of the relative benefits of alternative commodity and regional research portfolios and the distribution of these benefits among consumers, producers, importers and exporters. A novel approach of defining appropriate research domains has been identified to assess the spillover effect research undertaken in one region may have in other regions with similar agroclimatic and socioeconomic environments. Further refinements in empirical applications have used Geographic Information Systems (GIS) to enhance spatial characterization and mapping of research domains. . The model also factors into the analysis the probability of success and the likely ceiling level of adoption by farmers. An empirical analysis using this model has been conducted for a broad range of commodities at an international level and includes all major producing and consuming regions of the world. (Davis et al., 1987; Lubulwa et al., 2000) .
Other methods in practice
Two additional approaches in setting priorities have been developed, i.e. mathematical programming and simulation models. Unlike the two previous classes of research priority setting tools, which only produce a ranking of the research alternatives, these methods aim at selecting an "optimal" research portfolio and establishing functional relationships between research investments and impacts. The basic approach in mathematical programming is to formulate an objective function that is maximized subject to certain constraints such as funding requirements, human resources, or institutional capacity. The objective function can include multiple objectives and a weighting system to reflect differences in the importance of the objectives. The results illustrate the tradeoffs among objectives and implications of changing constraints.
Simulation models are based on the principles of production economics whereby the functional relationship between the input (i.e. research investment) and the agricultural output is estimated. A production function may be used to represent the econometric relationship between agricultural productivity on the one hand, and research (and extension) expenditures and additional determining factors on the other. Then, the effects on productivity of various research expenditures, e.g. introducing different technologica1 innovations, are simulated. Simulation models are very flexible, and can be used to analyze the wider impact of research investments. However, estimating econometric relationships is based on time-series data, which are not always readily available.
By and large, despite substantial efforts to improve the tools used in priority setting, only a few of the less sophisticated methods have been implemented by research organizations. Norton et al. (1992) explain it as a failure of economists "to communicate adequately to priority-setting practitioners the progress that has been realized on developing research performance measures and priority-setting methods." In contrast, Shumway (1983) argues that "the perceived benefits to most organizations of the more sophisticated procedures are apparently outweighed by their cost." Moreover, the extreme uncertainty surrounding knowledge production further limits the potential of sophisticated methods (Shumway, 1981) . As a result, research managers often turn to simplified methods, knowing that data errors far outweigh errors caused by imprecise procedures.
Factors influencing the choice of an appropriate method
Following the three requirements suggested by Braunschweig (2000) in choosing an appropriate method, i.e. transparency, participation, and standardized measurement, the strengths and shortcomings of the different approaches are summarized below.
Use of rule-of-thumb approaches continues to decline with the availability of alternative procedures that can account for new research programs and the innovative nature of new science or new research areas with high potential. Alternative approaches, including cost-benefit and economic surplus analysis, mathematical programming, and simulation models, all require the research evaluation analysts to play the key role in the priority-setting process. It is in the scoring model that extensive participation at each stage, i.e. eliciting information, defining the criteria, assessing the alternatives, and establishing priorities, is required.
The cost-benefit analysis and scoring models are fairly transparent because, in both, the process of generating priorities is easily understood. Cost-benefit analysis focuses on the economic impact of research. The other dimensions of research benefits are only included to the extent that they can be quantified in monetary values. Simulation models can also take into account a wider range of research effects. However, they do not provide a ranking of research projects based on multiple objectives.
Applied economic surplus analysis of welfare gains is being increasingly applied with the availability of data on yield gains, reduction of unit cost, or increase in income based on primary and secondary sources. The measurable economic indicators are complemented with qualitative data on expected environmental effects (e.g. farmers' perceptions of long-term environmental changes). This is also enhanced with a detailed account of both quantitative and qualitative information provided by scientists and experts, including farmers.
Both mathematical programming and scoring can incorporate many different impacts, including qualitative ones. The scoring model provides a systematic procedure by dividing the process into two steps: (1) scoring the contributions of the alternative research options with respect to each criterion; and (2) weighting the criteria. In the programming model, the decision-maker has to attach utility values directly to one unit of each criterion, a rather difficult task given the different measurement units of the criteria employed.
These methods continue to be used according to the requirements of research organizations, along with various trade-offs considered above. In the process, new approaches continue to be developed by research evaluation practitioners to overcome the shortcomings and methodological deficiencies experienced in practice.
Empirical applications in setting research priorities involve a combination of approaches. In practice, these approaches serve as complementary tools to guide research planning and resource allocation. For instance, the outcome of a cost-benefit analysis could be used as the input for a scoring model. Also, the programming approach could be used to allocate resources to priorities generated by the scoring model. The expected benefits that are amenable to quantification (e.g. expected yield gains or anticipated adoption rates) are quantified while descriptive documentation is used for those that are difficult to quantify. In the latter case, experts (including both researchers and research beneficiaries) are important sources of detailed descriptions, which may serve as the basis for qualitatively understanding the impact pathway and anticipated ultimate research impacts.
Inclusion of qualitative impacts in priority setting
Since research evaluation and priority setting involve the process of making choices in the context of scarcity, most of the studies mentioned above have placed emphasis on the economic principles of efficiency and on costs and benefits that can be expressed in monetary values. This has raised concerns because externalities, distributional effects, and longer-term impacts tend to be neglected with such an emphasis.
For inclusion of qualitative impacts in priority setting, a systematic process documentation of the impact pathways is useful in identifying the sources of the qualitative effects of technology adoption. It helps in clarifying the nature of impacts by considering whether or not the expected changes due to technology adoption can be valued using conventional markets, and therefore identifying variables that have market impacts and those that relate to nonmarket effects (Bantilan et al., 2005) . A listing of the potential positive and negative effects aids in the analysis of the market and nonmarket impacts of alternative technology options. This is particularly useful for assessing qualitative effects and relative preferences among alternatives. It records the market impacts reflecting yield gains or reduced yield losses and changes in unit cost. The measurement of environmental effects in monetary terms within the context of economic surplus draws from changes in the social marginal cost of production (i.e. product supply) and the demand for the marketed product. The inventory of nonmarket effects may be substantial, e.g. significant positive effects may result in longerterm yield stability, or increased resource availability in the future. This potential change may adjust the farm-level benefit calculations for implicit price effects, which may be positive or negative, reflecting the environmental benefit or damage and a corresponding change in cost. A detailed account of the analysis of possible market and nonmarket impacts is presented in Bantilan et al. (2005) . This study explains how conventional calculations that exclude environmental effects can skew measures of the full potential benefits from an improved technology. It illustrates the critical importance and use of qualitative information in understanding the environmental and long-term effects that may be expected from adoption of natural resource management technologies.
Using the results of impact assessment in priority setting: learning cycles and feedback process
Ex post impact assessment of research boosts the confidence of scientists, research managers, and stakeholders and makes a case for enhanced support for research. Information obtained during the process of impact evaluation can also help in research prioritization. For example, data from primary field studies provide a good basis for reasonable estimates of parameters, which are used in the prioritysetting exercise. The essential impact assessment information includes: (1) levels and speed of adoption, and reasons for nonadoption of technology; (2) farmers' perceptions of desirable traits or features of technology options; (3) on-farm gains due to alleviation of biotic and abiotic constraints; and (4) infrastructural, institutional, and policy constraints in facilitating technology exchange.
Two categories of impact data may be developed. The first is a set of primary data on adoption and related variables generated from formal and informal onfarm surveys. The second is a set of secondary data based on documentation (published and nonpublished reports). On-farm reconnaissance and formal surveys may be primarily aimed at continuously assessing the extent of adoption of improved technology from the secondary database. This confirms the extent of utilization of improved technologies by farmers in the target regions. Research lag is a major parameter determining the present value of research, and the cost of miscalculating it in terms of erroneous priority ranking can be significant. Verification of research and adoption lags used can be accomplished by cross-checking data from various sources.
Farmers' opinions on important constraints as well as their perceptions of desirable cultivation and management technology options may also be generated from primary surveys. These farmers' perspectives provide the following information: (1) they identify the constraints and research opportunities; (2) they provide an empirical basis for the expected ceiling levels of adoption, i.e. technologies introduced in an environment characterized by significant bottlenecks to adoption cannot be expected to have high adoption ceilings unless these constraints are addressed; and (3) they identify the research options that directly address the users' needs and are most likely to be adopted.
Estimates of yield losses due to important constraints and on-farm gains due to improved technology are also vital pieces of information for deciding research priorities. Impact studies can be used to validate estimates of expected yields. Furthermore, the estimates generated from these surveys (i.e. yield gains or unit cost reductions) also provide a way of predicting the potential supply shift, a necessary parameter for estimating potential impacts in cost/benefit analyses.
Another important outcome from impact studies is the assessment of researchers' perceptions or constraints, which can be technological, institutional, infrastructural, and policy. Two aspects are relevant for seed policy and priority setting: (a) standard variety release procedures of breeders' selecting materials that can make it through the formal release system; and (b) criteria for varietal release do not necessarily match farmers' needs and preferences.
In the process of documenting ex post impact using both primary and secondary data, it is possible to derive insights that can help better inform ex ante priority assessment and provide grounds for additional investment in the resultant research portfolio (Bantilan and Ryan, 1996) . However, ex post experience is not the panacea when revalidating earlier ex ante assessments. At best, ex post experience can inform the ex ante process, hopefully in a way that helps minimize the moral hazards associated with scientists' estimates of their expected outputs and milestones.
Measurement problems
The unique empirical challenge of understanding the expected impact pathway is aggravated by problems of measurement. The approaches described above (like congruence, precedence, and scoring) appeal to single or multiple indicators of expected benefits, usually based on readily available, published data or subjective estimates of the level of relative benefits. Benefit/cost ratios combine the actual cost of research and development and technology transfer with the expected stream of benefits based on the levels of technology uptake or adoption.
The economic surplus principle is based on the idea that improved technologies are expected to reduce producers' unit cost of production which translates into a supply shift when they adopt the new technology. Thus, different measures yield different rankings, so the choice of criteria and corresponding measures is critical. The impact of different research alternatives on different criteria is measured on different scales. Some of these scales are inherently qualitative, which makes it virtually impossible to compare a unit of one criterion against a unit of another in a meaningful way. As Braunschweig (2000) suggests, a standardized measurement procedure allows the scores for different criteria to be aggregated in order to obtain an overall assessment of each research alternative.
Measurement problems also have a great bearing on the evaluation of more strategic research because it does not directly change productivity or production costs, yet this is a research area that has not been sufficiently tackled by traditional priority-setting approaches. For example, new knowledge generated by the research process, even if it may not be directly applicable in the productive sector, may still have substantial value in terms of strengthening scientific capacity.
Data availability and reliability
Relevant primary and secondary data are essential in ensuring objective prioritysetting processes but data availability at the disaggregated level (or even at the national level) is usually constrained, especially in many developing countries. The problem of data reliability is pronounced because of the forward-looking nature of priority setting whereby expectations on key variables are required. This raises the issue of developing suitable elicitation techniques and identifying experts who can provide reliable subjective judgments on the likely costs, benefits, and other variables of research activities.
Minimum data requirements and database development
To identify the essential data requirements for research priority setting, this section uses the whole research-development-impact continuum discussed above. This continuum spans all stages from initial research efforts to expected impacts on farmers' welfare gains.
In agricultural research, the initial stages involve basic research, such as development of breeding populations and germplasm characterization. Subsequently, scientists engage in both applied research (e.g. development of seed-based technology with testing leading to an identifiable product) and adaptive research (the stages of testing leading to release of technology by the national agricultural research system). The final stages represent the development of optimal seed multiplication strategies and adoption of the technology, i.e. the final stages to achieve impact. This sketch helps in identifying the types of information and the minimum data set required for priority setting.
To illustrate further the identification of minimum data requirements, we use the specific example of chickpea biological nitrogen fixation (BNF) research, starting with the identification of the research objectives, i.e. improving the nitrogen (N 2 ) fixing ability of chickpea. This involves the following activities (Bantilan and Johansen, 1995) : Stage 1 involves the development of the concept of genetic alteration of the plant for better nodulation, through selection within existing cultivars. This stage leads to the basic concepts and methodology for the development of the improved technology. Stage 2 involves the actual conduct of the prescribed selection procedure to identify lines with superior N 2 fixing capability and their validation in on-station experiments. Stage 3 involves on-farm validation of the value of the selections. Note that stages 1, 2, and 3 represent the basic, applied, and adaptive research components in the development of this technology. Stage 4 is the demonstration, extension, and adoption of the technology among farmers. The process underlying the adoption of the technology characterizes adoption-related variables like adoption lag, rate of adoption, and ceiling level of adoption, as described below. Introduction of a new technology is not usually met with immediate adoption. The gestation period between the generation of a technology and its adoption varies by sector, commodity, and type of technology. There are farmers who adopt only after the effects have been convincingly demonstrated. Farmers may hesitate to adopt a technology due to the difficulty in its use, nonavailability of the inputs required, market uncertainty, price fluctuations or preference for very low crop management technology. Thus, the level of adoption may be initially low, rising at an increasing rate after sufficient diffusion is attained, and finally reaching a ceiling level of adoption.
Based on the above sketch and the priority-setting framework described earlier, the basic data requirements and the steps required to develop the supporting database can be identified: 1. Identify the elements of the research portfolio to be prioritized. This may disaggregate by crops, research themes, programs, projects, or constraints. 2. In the case of commodities, assemble data by country or region on the area, production, and consumption of these commodities. 3. Define agroclimatically homogeneous regions. 4. Collect data on key factors involved in the various stages of the research process. For example, to estimate the expected impact for the BNF research illustrated above, previous average research experience shows that it takes around 5 years to undertake basic and strategic research, 4 or 5 more years to produce an improved variety, and another 5 or 6 years to reach the ceiling level of adoption (ICRISAT, 1992) . 5. For computing estimates of the potential benefits of research, build on the research objectives and corresponding measurable criteria, which may require the following data:
• yield gain • unit cost reduction
• production • consumption • adoption estimates 6. Estimate the probability of success of each research option. 7. Assemble data on prices and price elasticities of demand and supply for each commodity. Include data on discount rates, exchange rates, transport costs, and potential spillover effects for traded commodities. 8. Assemble data on research costs for measuring costs relative to research benefits.
Structured database
Systematic calculation of the measures of the various priority-setting criteria requires a structured database. The database developed from the research evaluation and priority-setting process contains comprehensive information on variables including research objectives, target research domains, estimated yield losses, expected yield gains, probability of success, adoption rates and ceiling levels, research and adoption lags, expected output, and manpower and capital requirements. This database serves as a benchmark or reference for research evaluation of future projects. This database should be continuously updated through impact monitoring.
Institutionalization
Research evaluation and priority setting within an organization involves a sustained effort to establish a built-in mechanism for setting priorities as part of the decision-making and research management processes. In this case, the management evolves a continuous cycle of priority setting with a defined and regular interval to provide an avenue of feedback and timely redirection of research. Establishing such a mechanism will require the following essential steps: (1) adaptation of a uniform methodological framework to assure comparability and consistency of identified priorities; (2) regular database update; (3) establishment of a monitoring process for performance, adoption, and impact; and (4) training to develop the capacity of scientists associated with priority setting. Training is essential not only to undertake priority setting consistently and objectively, but also to achieve transparency and active participation within the organization. Finally, in order to institutionalize and facilitate organizational priority-setting processes, ex ante impact analysis should be written into research proposals such that movement along the research evaluation and impact pathway continuum can be monitored, so that any necessary mid-course adjustments can be made and ex post impact assessments done. A decentralized process using nested institutional and project logframes may help to identify milestones for institutional and individual project evaluations.
Research priority setting: international dimensions
The international dimensions of research priority setting may be exemplified by the exercises conducted by the CGIAR. Its priority-setting initiative was driven by a determination to build an objective and transparent basis through its Medium Term Plans (MTPs). The 15 centers belonging to the CGIAR faced the challenge of a changing external environment where funds for research were declining, and pursuit of a focused research agenda became imperative. This change motivated stronger accountability and a search for an objective research priority-setting and resource-allocation process among the CGIAR centers operating around the world. During the late 1980s to the early 1990s, the CGIAR Technical Advisory Council's (CGIAR/TAC) guidelines identified four basic factors for identifying agricultural research priorities. These included (CGIAR, 1988 ):
• Comparative advantage (e.g., the advantage that CGIAR has in undertaking projects where long-term, continuous effort is required) • Internationality (i.e. the existence of externalities and spillover effects) • Partnership (i.e. encouragement of intercenter and center-NARS activities) • Efficiency and equity
The last factor especially related to total potential benefits and high expected payoffs, with consideration to the distributive consequences of successful research. This means identifying the area (ecological and geographical regions) and people affected, the benefits of research in relation to costs, feasibility of implementation and successful completion, and potential effects on the livelihoods of the poorer or marginalized sections.
The CGIAR evolved a structured priority-setting strategy aimed at reflecting its multiple research objectives. The determination of the priority research portfolio was built on an analytical priority-setting methodology based on a set of measures established for each of four criteria: economic efficiency or total welfare gain, equity, or distribution of the total welfare gain, sustainability, and internationality. Several CGIAR centers applied a similar set of criteria but evolved their own systems, depending on their requirements and capabilities. For example, a more significant effort for the 1994-1998 priority-setting exercise at ICRISAT, one of the CGIAR institutes mandated to target semi-arid tropics (SAT) research, involved application of a participatory approach. In this case, the problem was one of prioritizing among numerous competing research possibilities to make optimum use of scarce research funds against the background of a strategic plan. ICRISAT used an ex ante multiobjective framework, considering indicators for economic efficiency, equity, internationality, and sustainability, for assessing research priorities. A supply-side methodological orientation was used to complement the (CGIAR/TAC) demand-side analysis. The distinct advantage of the quantitative framework that was established is that at a time of intense competition for scarce funds, it makes explicit the benefits that would flow from additional investments to an institute as well as the opportunity costs corresponding to reductions. The priority-setting methodology used for ICRISAT was found to provide clear criteria for establishing choices among competing research activities. It is more analytically rigorous, draws on scientists' empirical and intuitive knowledge base, and is transparent and interactive. Research themes were identified as impact-oriented, projecting clear milestones against which progress can be measured and evaluated. The assumptions about prospective yield increases, research lags, probabilities of success, and adoption lags and ceilings are tested against actual delivery of a new research-induced technology. This forms an integral part of the research evaluation process and facilitates revising priorities in the light of such experiences. This methodology was also later applied in other CGIAR centers (Kelley et al., 1995; Bantilan and Ryan, 1996; ILRI, 1999; IRRI, 1997) .
In a follow-up MTP cycle 1998-2000, CGIAR centers pursued extensive discussions with partners where broad targets were identified that captured the areas of research and the nature of the benefits they intended to deliver through these partnerships during this particular MTP period. For example, four targets were articulated by ICRISAT: Prosperity. Poverty is a fundamental cause of hunger, disease, environmental degradation, and a host of other afflictions. Since the majority of the poor in the SAT are engaged in farming or other agriculturally related enterprises, the road to prosperity lies toward the development of more productive and efficient agricultural systems. Diversity. Poor farmers with small landholdings cannot afford the risk of being overly dependent on just a few crops or cropping systems. Diversity creates options; it spreads risk; it evens out peaks and valleys in labor use and income; it enables the creation of added value by expanding the application of farmers' management skills to new enterprises. More diverse, complex cropping systems are usually more robust and stable, and sustainable over time. Environment. Environmental resources are the fundamental inputs of agriculture. The conscious or unconscious abuse of these resources can throw entire societies into poverty. This target has particular relevance to the SAT where poverty is a driving force behind short-term exploitation of the environment to satisfy pressing food needs. Inclusiveness. Research products must be understood and valued by those who use them if they are to have impact. It is difficult to achieve this unless these stakeholders are involved in the identification of relevant research priorities, and in the research process itself. The target of inclusiveness appealed to participatory methods to support the priority-setting process and decision support tools that facilitate the participation of stakeholders and allow them to express their preferences.
Subsequent 3-year MTP cycles followed, and the criteria used to rank priorities were more or less maintained across the CGIAR centers. The strategies and priority guidelines offered by the CGIAR TAC (later called Science Council) were influential in this evolution. The criteria broadened to consist of: equity, efficiency, internationality, sustainability, new science opportunity, relevance to NARS priorities, and future trends which could change basic assumptions. Notably, major efforts continue to be launched to consult NARS partners and other stakeholders in the setting of priorities. The approaches to strategic planning and priority setting in the CGIAR continued to advance in the past few years, where the basis of priority setting has not only become more inclusive and participatory, but also increasingly appeals to process plans for strategic planning, impact pathways, situation and outlook analysis, periodic commodity and sector reviews, and more systematic understanding and foresight of the external environment and megatrends.
CONCLUSIONS
Priority-setting exercises have evolved in response to the need felt by scientists and research managers for simple and transparent procedures for making resource allocations to research projects. Research managers have come increasingly to realize that in order for research resources to be used efficiently and effectively, there should be a clear basis for setting research priorities. Complex considerations have to be weighed by the priority-setting process, and guidelines that are consistent with the broad agenda of research investment should be pursued for a problem-based, impact-driven agricultural research for development.
This chapter covered several important considerations that have to be weighed by the priority-setting process. It featured recent trends in the global agricultural research-funding scenario. These trends provide compelling reasons for a serious initiative among research evaluation practitioners to provide more systematic guidelines for research planning and priority setting. A simple research evaluation and impact pathway framework was discussed to identify the key parameters and minimum datasets needed for prioritization. Factors including government policies, expansion in demand and supply and other key issues not covered by the simple framework were discussed to feature some potential areas for enhancement. This chapter also discussed the multiple-criteria nature of agricultural research priority-setting processes, making a special mention of mainstreaming poverty.
The issue of choosing an appropriate method from among the several methods in practice was addressed with an overview of the various approaches and a discussion of their advantages and disadvantages and their suitability in different situations. It was shown that in many cases, analysts combine two or more methods and tend to complement the intuitive judgments of research managers and administrators with the scientific intuition of scientists and researchers. While measurable economic benefits lend strong support to the priority ranking of a research portfolio, additional considerations involving (a) the inclusion of qualitative impacts; and (b) utilization of ex post impact assessment in priority setting, were also elucidated.
As the analysis presented in this chapter demonstrates, the recent methodologies developed illuminate not only the relative economic benefits accruable from alternative strategies but also the trade-offs which might be implied in the distribution of benefits. A good balance between theoretical rigor and practical feasibility in the priority-setting applications is needed. According to the availability of more disaggregated data, these approaches allow the determination of the distribution of benefits among the poor or nonpoor sections of the country. These considerations are of interest to policymakers who are required to make judgments on the allocation of scarce resources.
The final sections of this chapter expounded on the issues of institutionalization and the international dimensions of research priority setting in agriculture. It reiterated the message that in order to institutionalize and facilitate organizational priority-setting processes, ex ante impact analysis should be written into research proposals such that movement along the research-development-impact pathway can be monitored to enable learning so that any necessary mid-course adjustments can be made.
The information given in this chapter serves as an exemplar illustrating the assessment and prioritization of research projects, as per the differential nature of specific institutes. It demonstrates the need for more comprehensive measures that could be used to evaluate research priorities by taking into account the broad and diverse nature of research objectives today.
